Hypotonic intravenous (IV) uids have historically been the maintenance IV uid of choice for hospitalized children. Iatrogenic hyponatremia is a common phenomenon among hospitalized patients and hypotonic IV uids signi cantly increase the risk for hyponatremia. Although infrequent, hyponatremic encephalopathy can have catastrophic complications, making the avoidance of iatrogenic hyponatremia a priority in the hospital. Multiple studies have demonstrated that compared with hypotonic IV uids, isotonic IV uids decrease the risk of hyponatremia without signi cant untoward side effects. Therefore, clinicians should preferentially treat most children with isotonic maintenance IV uids instead of hypotonic IV uids.
CASE PRESENTATION
A 12-month-old female is admitted for acute bronchiolitis with increased work of breathing and decreased oral intake. She is mildly dehydrated upon exam with a sodium level of 139 mEq/L and is given a 20 mL/kg bolus of 0.9% saline. Given the patient's poor oral intake, the admitting intern orders maintenance intravenous (IV) uids and asks her senior resident which IV uid should be used. The medical student on the team wonders if a different IV uid would be selected for a 2-week-old with a similar presentation.
INTRODUCTION
Maintenance IV uids are continuously infused to preserve extracellular volume and electrolyte balance when uids cannot be taken orally. In contrast, resuscitation IV uids are given as a bolus to patients in states of hypoperfusion to restore extracellular volume. The given IV uid concentration can be categorized as approximately equal to (isotonic) or less than (hypotonic) the plasma sodium concentration. Refer to Table  1 for the electrolyte composition of commonly used IV uids. Dextrose is rapidly metabolized upon infusion and does not affect tonicity.
WHY YOU MIGHT THINK HYPOTONIC MAIN-TENANCE IV FLUIDS ARE THE RIGHT CHOICE
A 1957 publication by Holliday and Segar laid the foundation for maintenance IV uid and electrolyte requirements in children and was the initial catalyst for the use of hypotonic maintenance IV uids. 1 This manuscript contended that hypotonic IV uids could supply the water and sodium needed to meet maintenance dietary requirements. This claim led to the predominant use of hypotonic maintenance IV uids in children. By contrast, isotonic IV uids have been avoided given the apprehension over electrolytes exceeding maintenance needs.
Concerns about the unintended consequences of uid overload -edema, hypernatremia, and hypertension secondary to increased sodium load -have led some to avoid isotonic IV uids. 2 When presented with common clinical scenarios of patients at risk for excess antidiuretic hormone (ADH; also known as arginine vasopressin), pediatric residents chose hypotonic (instead of isotonic) IV uids 78% of the time. 3 
WHY ISOTONIC MAINTENANCE IV FLUIDS ARE USUALLY THE RIGHT CHOICE FOR CHILDREN
General recommendations for hypotonic IV uids are primarily based on theoretical calculations from the uid and electrolyte requirements of healthy individuals, and studies have not validated the use of hypotonic IV uids in clinical practice. 1 Acutely ill patients are at risk for excessive levels of ADH from numerous causes (see Table 2 ). 2 As a result, nearly every hospitalized patient is at risk for excess ADH release, thus making them vulnerable to the development of hyponatremia. The syndrome of inappropriate secretion of ADH (SIADH) occurs when nonosmotic/nonhemodynamic stimuli trigger ADH release, which leads to excessive free-water retention and resultant hyponatremia. Schwartz and Bartter reported the rst two cases of SIADH in 1957 when hyponatremia developed in the setting of bronchogenic carcinoma. 4 Although the publication by Holliday and Seger did acknowledge the potential for water intoxication, it was written before this report and before the effects of ADH on the sodium levels of hospitalized patients were clearly understood.
2 SIADH is now recognized as one of the most common causes of hyponatremia in hospitalized patients. 5, 6 Numerous studies have demonstrated that patients who receive hypotonic IV uids have a signi cantly higher risk of developing hyponatremia than patients who receive isotonic IV uids. 7, 8 An infrequent, yet serious, complication of iatrogenic hyponatremia is hyponatremic encephalopathy, which carries a high rate of morbidity or mortality. 9 The prevention of hyponatremia is essential as the early symptoms of hyponatremic encephalopathy are nonspeci c and can be easily missed. 2 More than 15 prospective randomized controlled trials (RCTs) involving over 2,000 children have demonstrated that isotonic IV uids are more effective in preventing hospital-acquired hyponatremia than hypotonic IV uids and are not associated with the development of uid overload or hypernatremia. A 2014 metaanalysis comprising 10 RCTs and involving over 800 children found that when compared with isotonic IV uids, hypotonic IV uids present a relative risk of 2.37 for sodium levels to drop below 135 mEq/L and a relative risk of 6.1 for levels to drop below 130 mEq/L. The numbers needed to treat (NNT) with isotonic IV uids to prevent hyponatremia in each group were 6 and 17, respectively. 7 A Cochrane review published in 2014 presented comparable ndings, demonstrating that hypotonic IV uids had a 34% risk of causing hyponatremia; by comparison, isotonic IV uids had a 17% risk of causing hyponatremia and a NNT of six to prevent hyponatremia. 8 In a large RCT conducted in 2015 with 676 pediatric patients, McNabb et al. found that when compared with patients receiving isotonic IV uids, those receiving hypotonic IV uids had a higher incidence of developing hyponatremia (10.9% versus 3.8%) with a NNT of 15 to prevent hyponatremia with the use of isotonic uids. 10 Published trials have likely been underpowered to detect a difference in the infrequent adverse hyponatremia outcomes of seizures and mortality.
On the basis of these data, patient safety alerts have recommended the avoidance of hypotonic IV uids in the United Kingdom (UK) and Australia, and the 2015 UK guidelines for children now recommend isotonic IV uids for maintenance needs.
11 Although many of the aforementioned studies included predominantly critically ill or surgical pediatric patients, the risk of hyponatremia with hypotonic IV uids seems similarly increased in nonsurgical and noncritically ill pediatric patients. 10 For patients at risk for excess ADH release, some have supported the use of hypotonic IV uids at a lower than maintenance rate to theoretically decrease the risk of hyponatremia, but this practice has not been effective in preventing hyponatremia. 2, 12 Unless a patient is in a uid overload state, such as in congestive heart failure, cirrhosis, or renal failure; isotonic maintenance IV uids should not result in uid overload. 3 Available evidence for guiding maintenance IV uid choice in neonates or young infants is limited. Nevertheless, given the aforementioned reasons, we generally recommend the prescription of isotonic IV uids for most in this population.
WHICH ISOTONIC IV FLUID SHOULD BE USED?
The sodium concentration (154 mmol/L) of 0.9% saline, an isotonic IV uid, is approximately equal to the tonicity of the aqueous phase of plasma. The majority of studies evaluating the risk of hyponatremia with maintenance IV uids have used 0.9% saline as the studied isotonic IV uid. Plasma-Lyte and Ringer's lactate are low-chloride, buffered/balanced solutions. Plasma-Lyte ([Na] = 140 mmol/L) has been demonstrated to be effective in preventing hyponatremia. Ringers' lactate is slightly hypotonic ([Na] = 130 mmol/L), and its administration is associated with a decrease in serum sodium. 13 A resultant dilutional and hyperchloremic metabolic acidosis is more likely to develop with the use of large volumes of 0.9% saline in resuscitation than with the use of balanced solutions. 2 Whether the prolonged use of 0.9% saline maintenance IV uids can lead to this same side effect remains unknown given insuf cient evidence. 2 Retrospective studies using balanced solutions have shown an association with decreased rates of acute kidney injury (AKI) and mortality when compared with 0.9% saline. However, a RCT with over 2,000 adult ICU patients showed no change in rates of AKI in those that received Plasma-Lyte compared with those who received 0.9% saline.
14 Two recent, single-center, prospective studies compared the use of Ringer's lactate or Plasma-Lyte for resuscitation with that of 0.9% saline. One study was comprised of 15,802 critically ill adults, and the other was comprised of 13,347 noncritically adults. Both studies showed that balanced solutions decreased the rate of major adverse kidney events (de ned as a composite of death from any cause, new renal-replacement therapy, or persistent renal injury) within 30 days. 15, 16 Available published pediatric studies indicate that 0.9% saline is an effective maintenance IV uid for the prevention of hyponatremia that is not associated with hypernatremia or uid overload. Further pediatric studies comparing 0.9% saline with balanced solutions are needed.
WHEN SHOULD WE USE HYPOTONIC IV FLUIDS?
Hypotonic IV uids may be needed for patients with hypernatremia and a free-water de cit or a renal-concentrating defect with ongoing urinary free-water losses.
2 Special care should be taken when choosing maintenance IV uids for patients with renal disease, liver disease, or heart failure given that these groups have been excluded from some studies. 12 These patients may be at risk for increased salt and uid retention with any IV uid, and uid rates need to be restricted. The uid intake of patients with hyponatremia secondary to SIADH needs close management; these patients bene t from total uid restriction instead of standard maintenance IV uid rates. 2 
WHAT WE SHOULD DO INSTEAD?
Maintenance IV uids should only be used when necessary and should be stopped as soon as they are no longer required, especially in light of the recent shortages in 0.9% saline. 17 Similar to all medications, maintenance IV uids should be individualized to the patient's needs on the basis of the indication for IV uids and the patient's comorbidities. 2 Consideration should be given to checking the patient's electrolyte levels to monitor response to IV uids, especially during the rst 24 hours of admission when risk of hyponatremia is highest. Isotonic IV uids with 5% dextrose should be used as the maintenance IV uid in the majority of hospitalized children given its proven bene t in decreasing the rate of hospital-acquired hyponatremia. 7, 8 Hypotonic IV uids should be avoided as the default maintenance IV uid and should only be utilized under speci c circumstances.
RECOMMENDATIONS
• When needed, maintenance IV uids should always be tailored to each individual patient.
• For most acutely ill hospitalized children, isotonic IV uids should be the maintenance IV uid of choice.
• Consider monitoring electrolytes to determine the effects of maintenance IV uids.
CONCLUSION
Enteral maintenance uids should be used rst-line if possible. Although hypotonic IV uids have historically been the maintenance IV uid of choice, this class of IV uids should be avoided for most hospitalized children to decrease the signicant risk of iatrogenic hyponatremia, which can be severe and have catastrophic complications. When necessary, isotonic IV uids should be used for the majority of hospitalized children given that these uids present a signi cantly decreased risk for causing hyponatremia. Returning to our case presentation, to decrease the risk of hyponatremia, the senior resident should recommend starting isotonic IV uids in the 12-month-old and theoretical 2-week-old until oral intake can be maintained. Disclosure: The authors have no relevant con icts of interest to report. No payment or services from a 3rd party were received for any aspect of this submitted work. The authors have no nancial relationships with entities in the biomedical arena that could be perceived to in uence, or that give the appearance of potentially in uencing, what was written in this submitted work.
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